Background: The prognosis of Chinese patients with eyelid sebaceous carcinoma (SC) has not been updated for N3 decades. The prognostic predictors are multifactorial, and there is no validated prognostic model for eyelid SC. Methods: This study included 238 consecutive patients with eyelid SC. All eligible patients were followed up for metastasis and mortality. The predictors of tumor-related survival were explored by Cox analyses. A prognostic nomogram was developed and validated using bootstrap resampling. The predictive accuracy and discriminative ability were compared between the nomogram and the Tumor, Node, Metastasis (TNM) staging system. Findings: After a median follow-up period of 55.5 months, 27 (11.3%) patients died of metastatic SC, with a median survival time of 48.0 months. The 5-year and 10-year tumor-related survival rates were 88.1% and 77.9%, respectively. Orbital involvement (HR: 3.11, p = .022), the greatest tumor basal diameter (HR: 1.06, p = .003), the presence of pagetoid spread (HR: 2.90, p = .017), and having lymph node metastasis at initial diagnosis (HR: 13.66, p b .001) were independent risk factors for tumor-related death. A nomogram integrating these 4 factors was developed with a C-index of 0.887, which is significantly better than that of the TNM staging system (p = .002). The risk groups stratified by nomogram scores (p b .001 (low vs intermediate risk); p = .001 (intermediate vs high risk)) displayed better discrimination ability than TNM staging (T1 vs T2: p = .358; T2 vs T3: p = .171; T3 vs T4: p b .001) in patients at an early stage. Interpretation: The prognosis of Chinese patients with eyelid SC has improved over the last 3 decades, and it is comparable to that of patients from other countries. This nomogram provides more accurate individualized estimates of survival for eyelid SC patients and may guide clinicians in their therapeutic decisions.
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Introduction
Sebaceous carcinoma (SC) is not a rare eyelid tumor in Chinese populations [1, 2] , accounting for approximately 32.7-41.6% of all eyelid malignancies in Chinese patients [1, 2] . This tumor often masquerades as a benign or less malignant lesion, resulting in diagnostic delays, inappropriate management, high morbidity and mortality [3, 4] .
Based on a retrospective case series, the 5-year tumor-related mortality varies from 2 to 30% [3] [4] [5] [6] . To our knowledge, only 2 studies have explored the prognosis of SC in Chinese patients. In 1979, Ni C et al. observed an overall tumor-related death rate of 41% in his case series of 100 patients [7] . Later, in 1982, the same group reported a 29% tumor-related mortality rate at 4 years in a cohort study of 82 patients [1] . However, the sample sizes of these studies were small, and it is not clear whether they were from the same patient population in these 2 articles. In addition, the knowledge in this field has not been updated for N3 decades.
Known risk factors for the prognosis of eyelid SC include a prolonged diagnostic delay [8, 9] , greater tumor size [4, 6, 7, [9] [10] [11] [12] , canthal tumor location [6, 13] , involvement of both upper and lower eyelids [9, 14] , pagetoid spread [9, 14, 15] , multicentric origin [9, 14] , poor differentiation [9, 10] , vascular, lymphatic, and orbital invasion [8, 9] , a nonlobular pattern [14] , and an advanced T category [4, 8, 11, 14, 15] , as defined by the American Joint Committee on Cancer (AJCC) [16] . The predictors for the prognoses of eyelid SC are multifactorial, therefore, the identification of core risk factors to construct an individualized prediction model is warranted for risk stratification.
Currently, the most widely used staging system for eyelid SC is Tumor, Node, Metastasis (TNM) staging. T classification is primarily based on tumor size and location. However, to make a precise prediction for the prognosis of an individual patient, other factors, such as a remarkable medical history and initial treatments, pathological indices, such as pagetoid growth, perineural invasion, and histology differentiation should also be taken into consideration.
Recently, clinical risk scoring systems have been developed for several other carcinomas, e.g., prostate cancer [17] , oropharyngeal cancer [18] and breast cancer [19] . However, there is no validated prognostic model for patients with eyelid SC. Because survival probability can be highly variable, clinical decision-making needs to be discussed on an individual basis in terms of the risk benefit for each patient. In this context, the development of clinical tools that specifically estimate the patient's probability of tumor-related death is important for guiding doctors' decisions.
The purpose of this retrospective cohort study was first, to provide a contemporary update on the prognosis of eyelid SC in Chinese patients and second, to develop and validate a nomogram risk scoring system for the individualized prediction of tumor-related survival in Chinese patients with eyelid SC.
Methods

Patients
After the approval by the Shanghai Jiao tong University research ethics committee, a search of "eyelid SC" was performed at the pathologic database of Ninth People's Hospital between January 1991 to December 2016, and 323 patients were identified. All these patients underwent either wide local excision or Mohs microscopic surgery and received one-stage reconstruction in our hospital. We contacted all these patients or their relatives and explained the purpose of the study, and they participated in this study voluntarily without any additional compensation. Every patient or their relatives were interviewed about the conditions after discharge from our hospital. The vital status was also confirmed via mandatory Chinese resident registry, and the cause of death was checked by reviewing the data recorded in Chinese Center for Disease Control. Of the 323 patients, 53 patients were not reached, and 22 declined to participate in this study for other reasons, such as geographic or time limitations. Of the 248 subjects who agreed to participate in the follow-up visit, 10 patients were excluded for incomplete data collection, leaving a final sample comprising 238 eyes of 238 patients.
Data collection
The institutional review board waived the requirement for informed consent from the patient. This study adhered to the tenets of the Declaration of Helsinki. The medical records and pathologic data of each patient were reviewed. Data collected included patient demographics, clinical and pathological characteristics, treatments and final outcomes at the follow-up. The demographics consisted of age and gender. The clinical characteristics comprised of history of second primary tumor, diagnostic delay (the duration from the onset of symptoms until the diagnosis of eyelid SC), initial referral diagnoses and treatments, anatomic locations, greatest tumor basal diameter, the presence of intraepithelial neoplasia (pagetoid growth pattern), perineural invasion and muscle infiltration, the degree of histology differentiation, and surgical approaches. The degree of differentiation was subdivided as described elsewhere [20] ; well-differentiated tumors presented as lobules with sebaceous differentiation. Moderate differentiation primarily consisted of anaplastic cells and a few areas of highly differentiated sebaceous cells. Poor differentiation was defined as the tumors rich with pleomorphic nuclei, prominent nucleoli, and amphophilic-positive cytoplasm. The patients were also stratified by their clinicopathologic presentations according to the 8th edition of AJCC staging system for eyelid SC [16] . If the patient had received treatment elsewhere, his/her prior clinical details and pathological sections before referral were retrieved for review. For outcome measures, the months from the initial diagnosis to metastasis and death were documented. The time from the first metastasis to death was also calculated. The time of metastasis was the date on which dissemination was confirmed by biopsy, imaging or clinical examination. In addition, the locations of metastases were recorded.
Statistical analysis
The data were analyzed using survival and RMS packages in R 3.4.1 (Vienna, Austria; http://www.R-project.org/). Frequency (percentage), mean ± standard deviation and median (interquartile range) were reported for the description of categorical variables and continuous variables with normal and skewed distribution, respectively. Means, medians and proportions were compared using the Student's t-test, the nonparametric Mann-Whitney U test and the chi-square test (or Fisher's exact test, if appropriate), respectively. First, to identify the possible correlates of tumor-related survival, demographic and clinical indicators at the initial presentation of the patients with different outcomes were compared using univariate Cox proportional hazards regressions. The significant factors (p b .05) were entered into the multivariate Cox regression models as independent variables after considering collinearity among variables with a correlation matrix and testing of proportional hazards assumption. Tumor-related death was modeled as a major outcome (dependent factor). Patients who were alive at the end of follow-up were censored at the time of last follow-up, and those that died of other causes were
Research in context
Evidence before this study
The prognosis of Chinese patients with eyelid sebaceous carcinoma (SC) has not been updated for N3 decades. The predictors for the prognoses are multifactorial, there is no validated prognostic model for eyelid SC.
Added value of this study
The 5-and 10-year tumor-related survival rate for Chinese patients of eyelid SC was 88.1% and 77.9%, respectively. A novel nomogram for individualized estimates of tumor-related survival were developed, which consists of 4 independent risk factors, lymph node metastasis at initial diagnosis, orbital involvement, greatest tumor basal diameter, and the presence of pagetoid spread. And it was demonstrated of better discrimination ability than TNM staging for patients of early stage.
Implications of all the available evidence
The prognosis of Chinese patients of eyelid SC has been improved for the last 3 decades. This nomogram provides more accurate individualized estimates of survival for eyelid SC patients, and may guide clinicians in their therapeutic decisions.
censored at the date of death. The regression coefficients and hazard ratios (HRs) with 95% confidence intervals were recorded. Survival and metastasis rates were determined according to the Kaplan-Meier method and were compared using the log-rank test.
Sensitivity analyses to examine the robustness of the final multivariable model were performed with full-model, stepwise, backward, and forward procedures. To improve the discrimination ability of our final model, other pragmatic parameters, such as, age, gender and initial treatment with Mohs surgery as initial treatment were alternatively added to the model. The concordance index (C-index) [21] and Akaike information criterion (AIC) of the models were compared. A model with a larger C-index and smaller AIC was considered to have greater explanatory effect.
Finally, a nomogram was developed based on the multivariate Cox proportional hazards regressions for 5-year and 10-year tumor-related survival. The discrimination ability of this model was evaluated by C-index. Calibration curves of the nomogram for 5-year and 10-year tumor-related survival were examined to assess the agreement between the predicted and the observed outcomes. Comparisons between the nomogram model and the TNM staging system were analyzed by Net Reclassification Improvement (NRI) using the rcorrcens function in the Hmisc package in R. All tests were two sided, and a p value b.05 was considered statistically significant.
Results
Descriptive statistics
A total of 238 eyes of 238 patients were evaluated in this study, and the study included 106 (44.5%) male patients and 132 (55.5%) female patients. The median age at diagnosis was 62.5 years (mean: 62.8 ± 13.3 years), with a range of 27 years to 94 years. The demographic and baseline clinical characteristics are summarized in Table 1 . Of note, 13 (5.5%) patients had second primary tumor, 3 (1.3%) of them were afflicted with a third primary tumor, and the clinical details of these patients are presented in Table 2 . Surgical treatment before referral to our hospital was noted for 105 (44.1%) patients. It is noteworthy that the delay elsewhere from the onset of symptoms until definitive diagnosis of SC ranged from 0.3 to 240 months, with a median of 18 months (mean: 28.3 ± 34.7 months). Blepharitis (31, 13.0%) was the second most common referral diagnosis other than SC. At the time of diagnosis, 12 (5.0%) patients exhibited regional lymph node metastasis, and none of them had distant metastases. Various clinical appearances of Chinese patients with eyelid SC are displayed in Fig. 1 . Typical pathological presentations are showed in supplementary Fig. 1. 
Overall prognoses
After a median follow-up period of 55.5 months (mean: 65.3 ± 50.8 months; range: 6.0-342.0 months), 45 (18.9%) patients developed metastasis during follow-up. The initial metastasis locations included the parotid lymph node (29, 12.2%), cervical lymph nodes (6, 2.5%), submandibular lymph node (5, 2.1%), skull base (2, 0.8%), mediastinal lymph node (1, 0.4%), brain (1, 0.4%) and lung (1, 0.4%). Twenty-seven (11.3%) patients presented metastases involving multiple sites. The median duration between the initial diagnosis and first metastasis was 17.0 months (mean: 21.2 ± 23.4 months; range: 0-100.0 months). By Kaplan-Meier survival estimates, the 5-year and 10-year metastasis rates were 20.4% and 25.0%, respectively. The predictors of metastasis were explored by Cox analysis, and results were summarized in Supplementary Table 1 .
During this follow-up, 50 (21.0%) patients died, with a median survival time of 58.0 months (mean: 58. 
Uni-and multivariable analyses for tumor-related survival
To explore the independent risk factors for eyelid SC-related mortality, univariable and multivariable Cox proportional hazards regression analyses were performed, and the results are summarized in Table 3 . In the univariate analysis, having lymph node metastasis at initial diagnosis (p b .001), diagnostic delay (p = .040), tumors with caruncular involvement (p = .029), orbital involvement (p b .001), the greatest tumor basal diameter (p b .001), the presence of pagetoid spread (p b .001), perineural invasion (p = .001), muscle infiltration (p = .027), Ki-67 (p = .002), and poor differentiation (p b .001) were potential risk factors for SC-related death. The collinearity among baseline clinical indicators was tested with a correlation matrix; when a correlation was identified, only the most clinically relevant parameter was entered into the multivariable model. With collinearity tests, 4 parameters, namely, the presence of perineural invasion, the presence of muscle infiltration, Ki67 and histological differentiation, were excluded from the multivariable Cox analysis (Supplementary Table 2 ). The final multivariable model (C-index = 0.887, AIC = 209.7), which retained the statistically and clinically relevant factors, indicated that orbital involvement (HR: 3.11, p = .022), the greatest tumor basal diameter (HR: 1.06, p = .003), the presence of pagetoid spread (HR: 2.90, p = .017), and having lymph node metastasis at initial diagnosis (HR: 13.66, p b .001) were independent predictors of tumorrelated survival. In the sensitivity analysis, the association between tumor-related survival and these 4 factors remained unchanged, and no other significant variable could be entered into this model (Supplementary Table 3 ). Furthermore, to improve the discrimination ability of our model, pragmatic parameters, such as, age, gender and initial treatment with Mohs surgery, were alternatively entered into the model. However, the addition of these clinical indicators did not seem to improve the explanatory effect compared with this base model (Supplementary Table 4 ).
Prognostic nomogram for tumor-related survival
A prognostic nomogram integrating all independent predictors for tumor-related survival was built (Fig. 2A) . The C-index, which quantifies the level of concordance between the predicted and observed survival probability, was 0.887 for this model. The bias-corrected C-index generated by bootstrap validations was 0.872, indicating the excellent discrimination ability of this model. The predicted 5-year (Fig. 2B ) and 10-year (Fig. 2C ) survival probability increased as the prognostic score elevated. The calibration plots displayed fair agreement between the predictions and actual observations for 5-year (Fig. 3A) and 10-year (Fig. 3B) tumor-related survival.
This prognostic score generated by the nomogram assumed a skewed distribution (Supplementary Fig. 2 ). Patients were classified into 3 risk groups (low, intermediate and high) by the Cox method. Tumor-related survival was significantly different across risk groups ( Fig. 4A; log-rank 
Comparison of the nomogram with the TNM staging system
The discrimination accuracy of the nomogram was compared with the conventional TNM staging system. The C-index of TNM staging was 0.868, which was slightly but significantly smaller than that of nomogram (p = .002). The details of the comparisons are summarized in Table 4 . Furthermore, Kaplan-Meier curves were generated according to the T category of the TNM staging systems. Although it exhibited good prognostic stratification (p b .001 for the combined cohort), the overlap of the survival curves was notable. Tthe discriminative ability of the T designation was unsatisfactory in stratifying patients with early stage eyelid SC ( Fig. 4B ; log-rank p = .358 (T1 vs T2); p = .171 (T2 vs T3); p b .001 (T3 vs T4)).
Discussion
This study represents a large report of eyelid SC, and it provides a detailed update on the prognosis for Chinese patients. By KaplanMeier survival estimates, the 5-year and 10-year tumor-related survival rates were 88.1% and 77.9%, respectively. This survival probability is lower than Muqit MM et al. reported in United Kingdom (5-year: 96.9%) [10] and Song et al. reported in United States of America (7-year: 93.3%) [22] , but it is higher than several other authors reported in United States of America (5-year: 79% [4] , 70% [5] , 78% [9] , 76% [23] ) and Kaliki S et al. reported in India (5-year: 81%, 10-year: 65%) [8] . The survival rate for eyelid SC has improved for Chinese patients over the past 3 decades, as our results compared favorably with the findings reported by Ni C et al. (4-year: 71%) [1] . In our study, the 5-year and 10-year metastasis rates were 20.4% and 25.0%, respectively, which are better than those in India (5-year: 26%, 10-year: 40%) [8] but worse than the results in England (5-year: 3.1%) [10] . The above findings demonstrated that, when compared with patients from other parts of the world, Chinese patients with eyelid SC presented with comparable chances of tumor-related survival and metastasis. Potential explanations for these discrepancies may lie in the different sample sizes, varied follow-up periods, management variances, racial differences, and multiple surgeons with diverse experiences.
This study has created a novel nomogram prediction that integrate 4 independent risk factors of tumor-related survival: orbital involvement, the greatest tumor basal diameter, the presence of pagetoid spread, and having lymph node metastasis at initial diagnosis. Tumor size and location are the main determinants of T category in the TNM staging system and have been rigorously evaluated in numerous studies for their relationship with clinical outcomes [4, [6] [7] [8] [9] [10] [11] [12] [13] [14] . Likewise, it is not surprising that patients with lymph node metastasis at initial diagnosis had a lower chance of survival. Among the 12 (5%) patients with regional lymph node metastasis at initial diagnosis, 6 of them died of eyelid SC, and the median survival time after initial diagnosis was only 28.0 months.
Our study corroborates published reports that pagetoid spread is associated with poorer survival [15, 24] . Patients with pagetoid spread often have diffuse tarsus and conjunctival epithelium infiltration, which tends to present inflammatory signs that confound the clinician and pathologist. In this condition, SC is usually misdiagnosed as chronic blepharoconjunctivitis initially, often leading to a diagnostic delay [25] . Consequently, heightened awareness and early recognition of SC are critical, and clinicians should possess adequate suspicion for SC, especially when encountering elderly patients with relapsed blepharoconjunctivitis. In our cohort, the mean diagnostic delay for patients with pagetoid invasion was as long as 35.6 months, whereas for patients without this sign, the delay was 26.6 months. Among the 43 (18.1%) patients with pagetoid growth patterns, 12 (5.04%) of them experienced orbital involvement, and 13 (5.46%) patients died of metastatic SC. Therefore, the extension of pagetoid spread is a frequent indication for exenteration conventionally, but currently, this management is under debate [26] . Conservative surgery guided by map biopsies and augmented with adjuvant therapies, such as cryotherapy [27] and the application of Mitomycin C, might be more appropriate to eradicate local disease with pagetoid spread [26] . Of note, 13 (5.5%) patients in this cohort had a second primary tumor, and the most common cancers included breast cancer (4, 1.7%), colon cancer (3, 1.3%), and gastric carcinoma (2, 0.8%). Among these patients, 7 (2.9%) died, and 5 (2.1%) died of the second Fig. 3 . Calibration plots at 5 (A) and 10 years (B) for tumor-related survival probability. Nomogram-predicted survival probability is plotted on the x-axis, with observed survival probability on the y-axis. 95% confidence intervals of the estimates are indicated with vertical lines. The gray line through the origin point represents the perfect calibration models in which the predicted probabilities are identical to the actual probabilities. Black dot: predicted probabilities based on the nomogram; blue cross: bootstrap corrected estimates. B = 200 repetitions for bootstrap. To use it, locate pagetoid spread (yes/no) and draw a vertical line up to the "Points" axis to obtain the score of pagetoid spread. Repeat for the other 3 variables: orbital involvement (yes/no), lymph node metastasis at initial diagnosis (yes/no) and greatest tumor basal diameter (mm). Then, the scores were summed and locate the total number on the line labeled "Total Points". Draw a vertical line downwards from the total point dot to determine the tumor-related survival prediction at the intersection with the 5-year and 10-year survival probability axes. Predicted 5-year (B) and 10-year (C) tumor-related survival probability according to nomogram score. Dashed lines stand for 95% confidence intervals. primary tumor. Although this factor could not be entered into the final model, it was an independent predictor for all-cause mortality (Supplementary Table 5 ); consequently, lifelong vigilance is required to detect any second primary malignancies for patients with eyelid SC.
Cancer staging is important for evaluating the prognosis and directing therapeutic management and is of great significance for both the patients and clinicians in decision-making. The nomogram is a graphic calculating tool that uses statistical models to increase the predictive accuracy of individuals. Nomograms have been proven to provide more precise predictions than the traditional staging systems for many other carcinomas [28, 29] , and they have been proposed as alternatives or even as a new standard to guide the treatment for cancer patients. In this study, we established a novel, easy-to-use, and effective nomogram to evaluate the survival probability for eyelid SC on an individual basis. Furthermore, the performance characteristics of the nomogram and the TNM staging system were compared. Our tool achieved higher discriminative accuracy, for patients at an early stage of disease. The TNM staging system is mainly based on tumor location and size, and it was only developed and validated in Caucasian patients. To improve our collective understanding of prognostic factors related to eyelid SC, we pooled detailed clinicopathological data associated with mortality over the past 25 years in our medical center, which attracts N200,000 patients with ocular diseases annually.
This study should be regarded as an initial exploration in terms of the application of a nomogram in ocular tumors. However, caution should be exercised when interpreting the findings due to a number of limitations. First, compared to the sample sizes in studies of "large tumors", our patient population was small, and all the patients were recruited from a single tertiary hospital. They entered this study voluntarily. The drop-outs tended to be older and have more serious conditions. This could also cause selection bias. The small sample size and limited number of outcome events might produce large confidence intervals for the estimates in the calibration plot. Second, although a bootstrap method was used for internal validation, we did not have an independent cohort outside Shanghai Ninth People's Hospital to validate this nomogram externally. Without external validation, whether this nomogram can be generalized to the entire SC patient population remains unclear. Nevertheless, the detailed clinical and pathological data prevent us from validating our model in an external cohort in the community setting. We will continue to seek such datasets for future validation studies from other medical centers. In addition, as the prognostic predictors of SC are multifactorial, other factors, such as adjuvant therapies, DNA mismatch and microsatellite instability tests for patients with a second primary tumor and patient-reported outcomes, were not included in this study. Nevertheless, we tried to circumvent these limitations as follows: First, our cohort constitutes the largest report of eyelid SC to date and the use of objective statistical methods and adjustment of various interactions enabled us to eliminate bias and improve the validity of this model.
The prognosis of Chinese patients with eyelid SC has improved over the last 3 decades and is comparable to that of patients from other countries. A novel predictive nomogram was developed and validated to provide accurate individualized estimates of survival for eyelid SC patients, and it demonstrated a better discrimination ability than the traditional staging system. To our knowledge, this is the first and only evaluation of the application of a nomogram in ocular disease. Therefore, a large series, especially an external validation, is warranted to fully validate our findings.
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